A comparative study of the relationship between thermostability and function of phenylalanyl-tRNA synthetases from Escherichia coli and Thermus thermophilus  by Bobkova, Ekaterina V. et al.
Volume 302, number 1, 54-56 FEBS 10991 
Q 1992 Federation of European Biochemical Societies 00145793/9?/$5,00 
May 1992 
A comparative study of the relationship between thermostability and 
function of phenylalanyl-tRNA synthetases from Escherichia coli and 
Thermus thermphilw 
Ekaterina V. Bobkova, Victor G. Stepanov and Ol’ga 1. Lavrik 
Novosibirsk institute of Hoorganic Chemistry, Siberian Division of the Russia Academy of Sciertces. Lavrentiev Prospect 8, 
630090 Novosibirsk, Russia 
Received 13 March 1992 
The relationship between thermostability and functional activities of phenylalanyl-tRNA synthctascs (EC 6.1.1.20) from E. rofi and T/~err~tu,s 
themtophilus has been studied. In the case of the J?. co/i enzyme, the activity decreased after the 43’C treatment, both in the [‘?P]PPi-ATP exchange 
reaction and the overall aminoacylation reaction, due to thcrmo-inactivation of the phenylalanyl-tRNA synthetasc, whereas tRNAFhC preserved 
its native structure. In the Th, thornrophilus syslem, the enzyme showed extreme thermostability (up to 90°C), and the reduction in the tRNA 
aminoacylation rate after the 78°C treatment wasascribed to denaturation of the tRNA phcs Since the enzyme did not lose the [“PIPPi-ATP exchar.ge 
activity up to 85”C, the observed lower thermo-resistance of the tRNA is evidence that the native structure of ribonucleic acids should be one of 
the most difficult to stabilize at high temperatures. 
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Il. INTRODUCTION 
Amino-tRNA synthetases are key enzymes of protein 
biosynthesis that provide the high accuracy of genetic 
information translation. The catalytic responsibility of 
these enzymes is the aminoacylation of tRNA via the 
formation of an enzyme-aminoacyladenylate complex 
(E . AA-AMP) followed by the transfer of the activated 
aminoacylic residue on tRNA: 
E-+ATP+AA+ E * AA-AMP -I- PPi (1) 
E-AA-AMP i- tRNA + AA-tRNA -t AMP f E (2) 
To elucidate the effect of temperature on the catalytic 
function of aminoacyl-tRNA synthetases and their rela- 
tionship with therrnostability isof great importance for 
understanding the regulation of protein biosynthesis at 
high temperatures. Since intensive investigations of ex- 
treme thermophilic systems of protein biosynthesis have 
just started, only a few data concerning tRNA and 
rRNA [l-3] are available. As to the enzyme components 
of protein biosynthesis ystems, there are no data what- 
soever. In the present work, our aim was to investigate 
the relationship between function and thermostability 
of hetero-oligomeric enzymes of protein biosynthesis 
which have a quaternary struclure of the a&&-type, spe- 
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cifically the phenyl-alanyl-tRNA synthetases from E. 
coli and an extreme thermophile, TIterrnus rhrrmophilus. 
2. MATERIALS AND METHODS 
tRNA from E. colt’ MRE-600 containing 2.5% tRNAPhc was pur- 
chased from NPO Biolar (Latvia). tRNA from Th, rhenrrophilus HBS 
containing Z-346 tRNA”” was obtained as in [2]. The phcnylalanyl- 
tRNA synthetases from E. coli MRE-600 and T/t, rherr~tophikts HB8 
were purified according to [4]. 
The thermo-inactivation curves for the enzymes incubated in a 25 
mM Tris-HCI buffer (pH 8.0) at different emperatures were obtained 
by measuring residual tRNA aminoacylation activity at 25°C. The 
concentration of the incubated proteins was IO-80y~ml. During the 
incubation, aliquots were taken out, cooled rapidly to 25OC and the 
enzymatic activity was mea?urcd in the reaction of tRNAP1lC ami- 
noacylatian as in [4]. 
The electrophoretic separations of the incubated enzyme solutions 
were done by a Phast System (Pharmacia. Sweden) using Phast Gel 
Gradient 8-25 which allowed separation under native conditions in an 
8-25% PhACi gradient. 
To characterize the rate of amino acid activation (Equation l), the 
isotopic exchange of ATP-[‘!P]pyrophosphatc was used. To reveal the 
temperature dependences of [“?P]PPi-ATP exchange rates the reaction 
mixtures involved 12.5 mM ATP, 0.33 mM ammonium [azP]pyro- 
phosphate, 25 mM EDTA, 24 mM MgCI,, 0,5 mM L-phcnylalanine, 
25 mM Tris-HCI (pH LO), 3.5 p@rnl phcnylalanyl-tRNA synthetase. 
The mixtures were pre-incubated without enzyme at a certain tcmper- 
ature for 3 min. After addition of enzyme the aliquots were taken out 
at certain time intervals and then added to a stop-mixture (5% TCA, 
IO mM sodium pyrophosphate, 1% activated charcoal). After vigor- 
ous stirring the samples were filtered through nitroccllulose filtersand 
washed with water (5 x 10 ml). The activated charcoal was fixed on 
the filters by polyvinylic alcohol. The filters were dried and their 
radioactivity measured. 
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Fig. I. Thermo-inactivation curves of phenylalanyl-tRNA synthetases from Escherichiu coli (A) and Thermus rlrertnop/uks (B), where v(%) is 
rate of tRNA aminoacylation reaction (100% corresponds to that of a sample without incubation). 
3. RESULTS 
The curves of thermo-inactivation of the mesophilic 
(A) and thermophilic (B) phenylalanyl-tRNA syn- 
thetases are shown in Fig. 1. ‘To compare the data ob- 
tained for both enzymes, it was necessary to find a 
standard parameter characterizing the enzymes’ ther- 
mostability. Here we have chosen the value of residual 
enzymatic activity in tRNA aminoacylation at 25°C 
after 10 min incubation of the enzyme solution at cer- 
tain temperatures. The data are given in Fig. 2. 
Temperature dependencies of the [3”P]PPi-ATP ex- 
change rates for both phenylalanyl-tRNA synthetases 
were defined. As can be seen in Fig. 2, the En coii enzyme 
dependence has a marked maximum at about 43OC, 
while that of the thermophilic enzyme shows a steady 
increase up to 85% 
The results of native gradient electrophoresis of the 
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Fig. 2. Temperature dependences of (RNA aminoacylation [5]and 
[‘2P]PPi-ATP exchange rates and thermostability curves for phenyl- 
alanyl-tRNA synthetases from E. toll (1) and Thenn~~~ hrmop/~ihts 
(2). (0) tRNA aminoacylation activity; (0) [“PIPPi-ATP exchange 
activity; (x) thermostability. 
the 
mesophilic (A) and thermiphilic (B) enzymes after the 
incubation at denaturing temperatures are shown in 
Fig. 3. For the E. coli enzyme, we observed the bands 
corresponding to B-monomers and a-dimers, while the 
thermophilic enzyme gave a single band of a native 
oligomer. 
4. DISCUSSION 
The temperature dependencies of the tRNA ami- 
noacylation rates have already been determined [5j. For 
convenience, they are also given in Fig. 2. The ther- 
mostability curve of the mesophilic enzyme correlates 
well with the-activity in both the [32P]PPi-ATP exchange 
and the total aminoacylation reaction at elevated tem- 
peratures. Since the melting temperature of the tRNAph’ 
E. coli is known as 75OC [2], the decrease in the enzy- 
matic activity after 43OC treatment is due to the thermal 
denaturation of the mesophilic phenyl-alanyl-tRNA 
synthetase. 
To find the cause of the enzyme denaturation we 
carried out electrophoretic separations of the incubated 
mixtures (Fig. 3A). The bands corresponding to differ- 
ent forms of p-subunits indicate that the mesophilic 
oligomer dissociates at high temperature. That we failed 
to observe any a-subunit is likely to be due to its strong 
tendency to aggregate [6], which could have increased 
with temperature. It is interesting that, even after the 
incubation at 95°C accompanied by thermal denatura- 
tion, the thermophilic enzyme did not produce ani 
bands except hat of the native oligomer, whose inten- 
sity decreased with the time of incubation (Fig. 3B). 
This means that the phenylalanyl-tRNA synthetase 
fro.m T/I. t!?ermophiius has much stronger intersubunit 
contacts. 
Comparison of the data on therrnostability and cata- 
lytic activity in the case of the thermophilic enzyme 
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Fig. 3. Native gradient electrophorcsis of phenylalanyl-tRNA syn. 
thctases from E. coli (A) and Tkrmrs dwrr~rophih (B) after incuba- 
tion under denaturing temperatures (47 and 90°C, respectively). A,
incubation for IO min (lane I), 45 min (lane ?), 60 min (lane 3) and 
0 min control (lane 4). B, incubation for 100 min (lane I) and 0 min 
control (lane 2). 
leads to a quite different result (see Fig. 2). Up to 90°C, 
the phenylalanyl-tRNA synthetase from T/L rherrnophi- 
ftrs was fairly stable (not less than 90% of initial values) 
and could catalyze the [“‘P]PPi-ATP exchange up to at 
least 85*C. Watanabe et al. [2] obtained the melting 
curves of the tRNA from E. coli and T/I. ~lterr?zoplrilrrs 
under similar conditions, including the data for 
tRNAPh’. The thermophilic tRNAPh’ starts melting at 
7V’C. with a melting temperature of 85OC. These data 
agree well with our tRNA aminoacylation curve. Thus, 
one can consider that the thermo-dissociation of the E, 
coii enzyme was the cause of the loss of its catalytic 
activity, while in the thermophilic system, where the 
enzyme itself is very thermostable, it is the denaturation 
of tRNA that was the factor limiting the aminoacyla- 
tion by 78*C. 
We believe these properties are important in order to 
understand the main principes of thermostabilization, 
as well as to estimate possible thermostability limits of 
protein biosynthesis. Evidently, the problem here is the 
tRNA which can hardly resist the high temperature by 
increasing GC-content and methylation just because it 
is shorter than the DNA. As to rRNA, according to [1] 
its thermostabilization is achieved by forming a com- 
plex with ribosomal proteins. Hence, it may be assumed 
that, in extreme thermophiles, it is the ribonucleic om- 
ponents that are the least protected from the elevated 
temperatures. 
ncknon:/~~~crrler~rs: WC thank Dr. S.N. Vladimirov for the critical 
reading of the manuscript, V.N. Ankilova for helpful discussion and, 
N.A. Petrova and A-G, Madirbacva for their help in the preparation 
of this manuscript. 
REFERENCES 
VI 
121 
[31 
[4 
IS1 
161 
Zcikus, T.G., Taylor, M.W, and Brock, T.D. (1970) l3iochim. 
Biophys. Acta 204, 512-520. 
Watanabe, K., Oshima, T., lijima, K., Yamaizumi, 2. and 
Nishimura, S. (1980) J. Biochem. 87. l-13. 
Kumagai, I., Watanabe, K. and Oshima, T. (1980) Proc. Natl. 
Acad. Sci. USA 77. 1922-1926. 
Amkilova. V,N,, Reshetnikova, L.S., Chernaya, M.M, and 
Lavrik, 0.1. (1988) FEBS Lctt. 227, 9-13. 
Bobkova, E,V,, Gedrovich, A-V., Ankilova, V.N., Lavrik, O.L, 
Baratova, L.A. and Shishkov, A.V. (1990) Biochem. lnt. 20. 
1001-1009. 
Bobkova, E-V., Mashanov-Golikov. A.V., Volfson, A.D., 
Ankilova, V.N. and Ldvrik, 0,I. (1991) FEDS Lett, 290.95-98. 
. 
5G 
